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Abstract 
This paper reports the fabrication and characterization of inter-digitated piezoelectric actuation mechanism for application in 
micro-optics. The device consists of eight piezoelectric actuators symmetrically attaching the rigid lens holder frame to the bulk 
Si. The piezoelectric actuation is derived from the 1.5μm thick PZT (Lead Zirconate Titanate) film deposited on 0.6μm thick 
ZrO2 seed layer that is coated on 1μm thick SiO2 and 5μm thick silicon. Each actuator is driven by a set of inter-digitated 
Pt(0.13μm)/Ti(0.05μm) top electrodes of dimensions 10μm width and 5μm spacing on 800μm length of PZT film. The 
connecting beams and lens holder frame consist of 5μm thick monocrystalline silicon. The device has been successfully 
fabricated and characterized. The measured out-of-plane deflection is 24μm at 60KV/cm electric field and  fundamental 
resonance frequency is 2.42KHz. 
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1. Introduction 
Precise movement of micro-lens in the Z-direction (out-of-plane) is a desirable function in many 
Micro-Opto-Electro-Mechanical Systems (MOEMS) such as miniaturized confocal microscopy, cameras 
and pico-projectors. In miniaturized confocal microscopy, out-of-plane movement can be used to change 
the focal plane of the focused laser beam along the optical axis during the 2-D raster scanning to enable 3-
D raster scanning. A stack of micro-lenses with each having out-of-plane movement in the optical axis is 
required to realize miniaturized cameras. The actuation mechanisms that have been used for such 
applications are so far based on electro-thermal [1, 2] or electro-static [3] actuation. Although thermal 
actuation operates at low voltage, it suffers from slow response time and large power consumption. On the 
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other hand, even though electrostatic actuation has fast response time and low power consumption, it 
requires large actuation voltage and pliable mechanical platform to yield large displacement due to its low 
energy density. In order to combine the advantages of both electro-thermal and electro-static actuation, 
that are fast response time, low power consumption and operating voltage, we have previously proposed a 
piezo-electric actuator based on PZT with evaporated Pt/Ti as the seed layer [4]. However, this approach 
suffered from limited range of driving voltage and inefficient d33 polarization due to the metallic Pt seed 
layer. In this paper, we present a piezo-electric actuation mechanism based on PZT with sol-gel ZrO2 as 
the seed layer in order to improve actuation characteristic by allowing wide range of driving voltage and 
efficient d33 polarization.  
2. Piezoelectric actuation structure 
The actuation mechanism is illustrated in Fig. 1(a) and (b). It consists of eight symmetrically configured piezo-
electric actuators attached to a rigid lens holding frame through eight connecting beams. The piezo-electric actuator 
is 800μm long and made of 1.5μm thick PZT film deposited on 0.6μm thick ZrO2 film that sits on 1μm thick of 
SiO2 grown on 5μm thick Si. The rigid lens holding frame and connecting beams are 500μm long and 5μm thick 
monocrystalline silicon. The top electrodes on the PZT film consist of a set of inter-digitated Pt/Ti metallisation that 
are 10μm wide with 5μm spacing.  
When a poling voltage is applied to the inter-digitated electrodes, an electric field is generated in X-direction and 
polarizes the PZT film in the same direction. After poling, when a driving voltage is applied, the PZT film will 
expand or contract in the X-direction depending on the polarity of the driving voltage in relation to the polarization 
to produce out-of-plane deflection in the Z-direction. The deflection is related to the piezoelectric coefficient of the 
film and the magnitude of the applied electric field. It can be enhanced by increasing the magnitude of the driving 
voltage which is limited either by depoling or breakdown voltage of the PZT film. Such limitation imposes 
restriction on the maximum out-of-plane deflection achievable.    
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Fig. 1. (a) Schematic illustration of the actuation device fabricated on SOI; (b) Cross-sectional view of the mechanism along A-A’ 
3. Fabrication  
The fabrication process for the actuation structure is presented in Fig. 3(a). It starts with a SOI wafer with the 
following specifications: 5μm thick active silicon layer, 2μm thick BOX layer, and 500μm thick silicon substrate. 
After growing a 1μm thick  SiO2 layer, a sol-gel ZrO2 film is spun and crystallized. The total thickness of 0.6μm 
sol-gel ZrO2 is obtained by repeatedly spinning, drying, and crystallizing 0.12μm thick ZrO2 film five times. A sol-
gel PZT solution is, then, spun, dried and crystallized to form 0.19μm thick film. This process is repeated eight 
times to provide the required 1.5μm thick PZT film. The drying and crystallization steps are similar for both ZrO2 
and PZT films, and carried out by thermally treating the spun films at 300oC for 5mins and 650oC for 15mins, 
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respectively. The formation of peroveskite phase in the PZT film is confirmed by X-ray diffraction analysis. It 
clearly shows a dominant (110) crystal orientation as seen from Fig. 3(b). The inter-digitated electrodes and contact 
pads are formed on the PZT layer by evaporation of Pt/Ti and lift-off, on photolithographically patterned 
photoresist. The PZT, ZrO2 and silicon dioxide layers are etched in CF4/Ar plasma recipe using thick photoresist as 
a mask. A window is opened on the back side of the substrate for DRIE the silicon substrate and etch the BOX to 
release a silicon diaphragm on which the actuation structure has been patterned on the front side.  The patterned 
actuation structure is then etched in SF6/C4F8 plasma to form the actuation mechanism. The SEM image of the 
fabricated device is shown in Fig. 4.  
      
(a)                                                                                               (b) 
Fig. 3. (a) Illustration of fabrication process steps; (b) XRD of PZT film showing <110> orientation dominance. 
    
Fig. 4. SEM image of the device showing the released  actuation mechanism;  
4. Characterization 
The fabricated structure is wire-bonded, poled at 90VDC, and characterized. The static and dynamic out-of-plane 
deflection characteristics of the device are measured using Polytech MSA 500. The out-of-plane deflections at the 
lens holding frame are obtained for various driving DC voltages and plotted in Fig. 5 as a function the applied 
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electric field. The results show that the actuation mechanism yields 24μm out-of-plane deflection at 60KV/cm and 
1μm per 1KV/cm (that is a 1μm deflection per 1V increase). The deflection profiles of the piezo-electric actuators 
were also measured. Fig 5(b) shows one of such profiles at 47KV/cm.    
 
    
(a)                                                                          (b) 
     Fig. 5. (a)  Static deflection as a function of electric field; (b) the deflection profile of one of the piezo-electric actuator at 47KV/cm electric 
field;  
The dynamic characteristic of the actuation mechanism is measured by applying a 1V driving AC signal with 2V 
DC offset at various frequencies.  The magnitude of out-of-plane deflection as the function of frequency is obtained 
and plotted in Fig. 6. The fundamental resonance frequency is 2.42KHz, which is higher than those previously 
reported in [2,3]. Moreover, this can be further improved by increasing the number of actuators supporting the lens 
holding frame, without compromising the deflection performance, to increase the overall stiffness of the structure. 
  
Fig. 6.  Frequency characteristics for out-of-plane deflection of the device. 
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